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Bring the Forest to Your 
Desk 
KARL E. MOESSNER, Research Supervisor 
Forest Photogrammetry & Photo Interpretation, 
Intermountain Forest 6· Range Experiment Station 
AERIAL PHOTOGRAPHY can bring the forest 
to your desk. Through aerial photos owners, man-
agers, and field men now visualize the entire forest. 
Management plans, long dependent upon limited data 
from small field plots, can be amplified and checked 
under controlled office conditions through measure-
ments made on the photos. Timber sales, access roads, 
recreational facilities, and even game management 
areas are planned through photo study. All forest 
mapping and most forest surveys are based on aerial 
photos. This wide acceptance by foresters of the aerial 
photo as a working tool parallels the development of 
photogrammetry and its use in many other technical 
and professional fields. Let us see why and how the 
aerial photo can help the modern forester. 
What is Photogrammetry? 
The American Society of Photogrammetry defines 
photogrammetry as "the science or art· of obtaining 
reliable measurements by means of photography." 
This science is not limited to a single application 
such as mapping but is used in such widely diversified 
fields as astronomy, ballistics, and metallurgy. 
Professor C. L. Miller!, writing in Photogrammetric 
Engineering, states that it is essentially a method of 
making such spatial measurements as location, direc-
tion, length, size, area, and volume. Briefly stated it 
is a means of creating a precision model either optical 
or mathematical, which can be measured. Through 
stereophotography we can create a three dimensional 
model of the object of interest and then measure and 
study that model under office conditions. Essentially 
photogrammetry is an analogue process.2 It can be 
used to measure any object which can be photo-
graphed, and offers the most advantage when visuali-
zation and measurement of the actual object are dif-
ficult or uneconomical. 
1 Miller, Charles L., The Spatial Model Concept of Photo-
grammetry. Photogrammetric Engineering, Vol. XXIII, March 
1957, pp. 3-35. 
•A process familiar to engineers and scientists whereby the 
object of interest is simulated by a more easily measured 
physical system. 
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Any forester who has fought his way up a moun-
tain to reach a randomly selected but almost inac-
cessible field plot, and any forest engineer who has run 
preliminary road surveys through dense timber in 
difficult terrain, will agree that photogrammetry could 
be used to advantage on many forests. 
To understand photogrammetric procedures we 
must understand the nature of the photograph. Geo-
metrically speaking, the aerial photo is a perspective 
projection of the area photographed. The lens of the 
camera converges the rays of light on a single point 
while the film records the position of the rays on an 
intersecting plane. We can recover both the location 
of the point and the direction and intervening angles 
of the light rays. A single photo is therefore a graph-
ical record of each point in space from a known cam-
era position. The intersection of the rays from two 
camera positions fixes the location as well as the di-
rection of each point photographed (fig. 1) . The 
aerial camera can thus be considered a survey instu-
ment operating from a position in space. 
Binocular human vision operates in much the same 
manner (fig. 2) . Our two eyes may be compared to 
two cameras, both of which record photos of the same 
object from slightly different positions. When the 
brain combines these photos into one image, inter-
section of the various light rays enables us to visualize 
the relative positions of objects we look at. 
This process, whether done by aerial photographs 
or by the eyes, is essentially triangulation. The loca-
tion of the cameras or eyes fixes the length of the base 
line. The angles subtended by the different points in 
space indicate their relative distance or position from 
the known location of the base line. 
When we view two properly oriented aerial photos 
though the stereoscope lens, we duplicate normal hu-
man vision except that the perspective seen by each 
eye is created by the aerial camera. The base line is 
that fixed by the camera positions, the so-called 
"Giant Eye Base," of photogrammetry. It is 10,000 ito 
20,000 times as long as the normal human eye base of 
0.21 foot. This amplification of depth perception al-
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Figure I. Photogrammetry - the intersection ?f 
rays of light fix the position of points A and B m 
space. The parallax difference of the rays meas-
ured on photo prints I and 2 is directly related 
to the height ot tree A-B. 
lows the viewer to see and make precise measure-
ments of topgraphy, vegetation, and man made ob-
jects important to the forester and engineer. . . 
This conception of the stereomodel seems to md1-
cate that it can be a reliable source of measurements 
indicative of such forestry necessities as species, stock-
ing, soil, and site; stand size, volume, growth, and 
age; elevation, angle, slope, and distance. It opens an 
almost virgin field in forest mensuration, res.earch, and 
engineering. 
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Figure 2. Human vision -
difference in angles of the 
intersecting rays of light in· 
dicate the relative distance 
to objects. 
CAMERA STATION 
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Foresters and Photogrammetry 
In the past, foresters (along with others) have c~n­
sidered the aerial photo chiefly as a tool of the engm-
eer and the forest mapper. They considered photo-
grammetry to be a science evolved to enable the m~p­
maker to use photos- in determining the true location 
of objects and extent of areas. The increasingly com-
plicated photogrammetric plotters developed to en-
able the engineer to use graphic methods in transfer-
ring points and lines from photos to the map manu-
script were beyond the reach of most foresters. And 
the development of the simple, yet sufficiently precise, 
aids and 1techniques needed by foresters offered little 
profit to the instrumernt makers. 
For these reasons, the average forester thought of 
his aerial photos primarily as glorified map sheets, not 
exactly to scale, but having many fea1tures and lines al-
ready plotted, and having the added aittraction of three 
dimensions when vi·ewed in stereo. He used a semi-matt 
print rather than a glossy because he wanted to out-
line the important forest types, so drait they could be 
compiled into a standard type map. He welcomed 
modified infared photos because in many areas the 
high contrast in these prints allowed him to separate 
hardwoods from conifers. Lack of definition in 1the 
black shadows was discouraging but not 1too much of 
a detriment to his type mapping. 
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He was a photo interpreter, an analyst, who had 
learned to identify certairi qualitative information re-
corded on the photos by checking what he saw with 
what he found on the ground. Any photo measure-
ment, even for scale determination, was only inciden-
tal to his interpretation of the photos. The spatial 
model viewed through his pocket stereoscope inter-
ested him only because it looked like familiar terrian. 
The scope of aerial photo research was clearcut 
and limited under this conception'. Researchers were 
expected to develop new and better ways of identify-
ing species and cover types by means of such qual,i-
tative factors as 1tone, texture, and perhaps color. 
Many hoped 1that these technicians could improve the 
procedures followed in delineating type lines and 
entering type symbols on :the phoitos. And, in co-
operation with photogrammetric engineers, they were 
expected •to design better, and of course cheaper, 
methods of transferring type delineations from photos 
to standard type maps. 
But some foresters were not content with making 
qualitative interpretations only; · •they dreamed of ithe 
time when forest measurements would be made 
directly on 1the aerial photos. Throughout the last 
30 years publications show an increasing interest in 
the ·type of phoito measurement useful to 1the forester. 
An early repo:rit by Ellwood Wilson3 to the Inter-
national Silvicultural Congress in 1the late 1920's em-
phasized .that not only could species and timber types 
be identified but height and density could be meas-
ured and volume could therefore be estimated from 
stereoscopic study of aerial photos. 
During ithe 20 years after \t\Tilson's report, publi-
cations on forestry and photogrammetry occasionally 
discussed the accuracy and the methods of ·tree and 
stand measurement from aerial photos. Some for-
esters, writing on the procedures for using these in 
type mapping, recognized the potential advantages of 
direct volume estimating but could see lititle hope 
of immediate application in forest surveys. 
In 1the 1940's returning military pho1to irnterpreters 
gave new impetus to the £oresters' interest [n aerial 
photos. Many universities soon recognized the need 
for some training 1in these techniques and forestry 
curriculums were altered to include elective courses 
· in photo interpreta1tion. But these courses included 
little photogrammetry, and were usually tacked onto 
3 Wilson, Ellwood, The Value of Aerial Survey in the Study 
of Forest Conditions. First International Silvicultural Congress 
Proc. 3:222-237. 1926. 
AERIAL PHOTO STEREOGRAM 
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Loe.: San Juan Forest 
Pagosa Springs, 
Colorado 
Elev.: 7,200' 
Photos: 
Date: 9/56 
Scale: 1 :23,300 
F.L. 8-~;,l" 
Flying ht.: 16,000' 
Par. fac.: 4.8' per .. 001" 
1. Ponderosa pine, large sawtimber, P9bMP 
Tot. ht.: 115 /25' Cr. di1a. 27 /5' Cr. cov. 15 /35',lc 
V?l per A: 3,087 cu. ft. 20,940 bd.k Int'l Topo ·site : Lower moist slope 18 % 
Soil: Sandy loam with boulders Age els: 4 (Keen) Si•te els: III (Meyer) 
Stand: 20"-36" pine with 6"-10" pine understory, open. 
2. Ponderosa pine, large sawtimber, P9b WM 
Tot. ht.: 135/30' Cr. dia. 25/8' Cr. cov. 45/35 % 
Vol per A: 5,150 cu. ft. 35,000 bd. f.t. Int'l Topo site: Lower moist slope 30% 
Soil: S;andy loam with boulders Age els: 4 (Keen) Si1te els: III (Meyer) 
Stand: 12"-30" pine with Douglas-fir pole undersitory. 
Forest Survey, IF&RES, U. S. Forest Service, Ogden, Utah 
Figure 3. Aerial and ground stereograms are often used in training photo in-
terpreters to recognize stand size and timber type on photos. Such stereograms 
are excellent training material in forestry courses. 
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PRELIMINARY AERIAL VOUJME TABIE - CONIFER SPECIES 
Gross Cubic Foot Volume Per Acre by Average Stand Height, Average Crown Diameter, and Crown Cover 
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Forest Survey, Intermountain Forest and Range Experiment 
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Note: Stand height, crown diameter, and crown cover from photo 
measurements of field plots •. Volume from field measurements computed 
by Forest Survey total height-DBH cubic volume tables. 
Based on 1168 field plots taken in southeastern Idaho; southwestern 
Wyoming, and northeastern Utah. 
Aggregate deviation: · Table 1. 51., low 
Standard error of.estimate: f:. 481., of average plot volume 
Figure 4. Aerial stand volume tables correlate gross cubic per acre .volume with photo measure-
ments of stand height, crown diameter, and crown coverage. 
that aerial phol!o techniques should be taught to 
already overloaded upperclass schedules. Proposals 
lower classmen, and that photogrammetric methods 
could supplement and even be sub1>tituted for courses 
m surveying, mapping, and road location, received 
l1ittle consideration. And the great potential of stereo-
scopic aerial photos (fig. 3) as a training aid in such 
courses as forest eco1ogy, soils, and 1timber manage-
mernt ·was. almost never utilized. 
As stati~tical methods became an integral part of 
all forest" inventories, many foresters questioned the 
need for oomplete type mapping as a step in volume 
est1imaiting. Instead, they considered the detailed 
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measurement and classification of sample plots ito be 
the most efficient 1and probably the most precise form 
of forest inventory. 
This sampling approach meshed almost perfectly 
with ithe photogrammetrists' concept of the aerial 
photo. For the photo measurement of every group of 
trees in a forest is 1impractical even though phot0 
classification may be possible. However, the detailed 
situdy and · precise measurement of a greait many 
sample plots becomes possible through use of the 
aerial photo; for these measurements can be made at 
any season, by penonnel who need not see the area, 
in an office hundreds of miles away. 
19 
PHOTO VOL. 
(cuo1c F'EET) 
4000 
MEAN VOLUMES FROM PHOTO 
ANO FIELD MEASUREMENTS 
I , I 
/-745• LINE 
. " / 3000 
/' 
, 
2000 V- BASED ON 75-V~ ACRE PLOTS , r =0.99 
./ 
1000 ---~' 
/' /1 
1000 2000 3000 4000 ~000 
FIELD VOL. (CUBIC FT.) 
Figure 5. Photo volumes for a series of plots may correlate 
very well with those obtained in the field. 
In the last IO years, largely through 1the efforts of 
the National Forest Survey, Federal research in the 
use of aerial photos has been greatly increased. In-
cidental to this research, as well as 1to that conducted 
by other agencies, has been the consitruction and test-
ing of numerous aerial volume tables (fig. 4) . Pro-
cedures £or aerial es1timating have also been devised, 
and pre1'iminary results of their use are encourag-
ing. 
Not all foresters have accepted the possibility of 
aeriial estimating. The entire concept of the stereo-
model sounds questionable to a forester trained only 
to look at aerial photos. The photo measurements 
of tree or stand height, or crown diameter, and of 
crown cover, sound new and differen:t; many are sus-
picious of their value. The familiar iterms "log 
length," "DBH," "form factor," and "number of 
trees" all precisely measured by the man on the 
Figure 6. Preliminary road lo-
cations can often be plotted easier 
and with more precision on aerial 
photos than on available contour 
maps. On these 1: 10,000 scale 
photos, parallax measurements of 
5 feet are possible, and are com-
parable to the 20- to 40-foot con-
tour interval usually found on top-
ographic maps. 
20 
ground somehow seem more reliable as a basis for 
timber estimaiting. Foresters, even college professors, 
sometimes forget that both series of measurements 
are only 0indricative of :that unmeasurable average -
per acre volume (fig. 5) . 
But aerial survey companies, engaged in the highly 
competitive business of selling aerial photography 
and photogrammetriic services to both engineers and 
forest·ers, are not influenced by priecedents in forest 
estima1ting. They see a new opportunity - timber esti-
mating - with great potential earnings, and are con-
vinced of boith the validity and economy of the 
photogrammetric process. Some of these companies 
already use photo-estimating procedures that old-line 
1t1imber consultants and practicing fores1ters hesitate 
to accept. 
The Position of Today's Graduate 
Today's graduating forester has opportunity in a 
new field almost unknown to the forester of 10 years 
ago, forest photogrammetry. In addi1tion to a knowl-
edge of foresitry and the ahiliity to obtain qUJalitative 
informa!tion needed by foresters from aerial photos, 
1this iindividual needs to understand the mathematics 
and physics of ·the photo. He should have some 
training in sfatis1tics. Most of all he needs an under-
standing of how photo measurements are made and 
ficiency in measuring the photos can come only by ex-
perience, and this musit usually be obtained on 1the job. 
As man-day ·Costs continue to rise, foresit managers 
question not only the need for new surveys, but the 
methods to be used. The stock answer of all foresiters, 
"First we'll make a timber type map" must now be 
qualified by answering ithe questions "What for?" 
1and for "How much?" 
The forest engineer who spends several months 
in the field selecting the route of a new access road 
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or who insists that a contour map is required before 
he can make a pr·eliminary road survey also be 
questioned. For the latest photogrammetric procedure 
not only locates the approxima1te center line, but 
plans the cuts and fills directly from aer·ial photos 
without ·the intermediHe step of a contour map (fig 
Even the researcher 1in such fields as forest manage-
ment, mensuraition, soils, and engineering may be 
expected ito show a refreshingly new burst of activity. 
For administration, in accepting the photogram-
About 
the 
Author 
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metric concept, will 1immediately create a demand for 
new data and new itables relating photo measure-
ments to management plian requirements. At ithe same 
time any research studies dealing with the forest as 
a whole will be expected 1to utilize photogrammetric 
techniques to speed answers and ait the same 1time cut 
costs. 
Truly, the graduating forester who has a working 
knowledge of the usefulness of aeri1al photos is likely 
to have a busy and rewarding future. 
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to Ft. Des Moines, Iowa. After two years on numer-
ous military duties, including several school assign-
ments, he was transferred to the Air Force (Photo 
Intelligence). He served overseas with Hdq. 3rd Air 
Division 8th A.A.F. and now holds the rank of Lt. 
Colonel in active Air Force Reserve. 
In 1945 Moessner returned to the Forest Service as 
Assistant Ranger and shortly afterwards accepted 
transfer to the Central States Forest Experiment 
Station, Columbus, Ohio, where he headed the photo 
interpretation for the newly organized Forest Survey 
of the Central States. After the initial survey was 
completed in that area, in 1954, he accepted trans-
fer to the Intermountain Forest and Range Experi-
ment Station, Ogden, Utah, where he now supervises 
research in Forest Photogrammetry and Photo In -
terpretation. He is author of numerous research 
papers and technical notes on the use of aerial photos 
in forestry and a member of the Society of American 
Foresters and American Society of -Photogrammetry. 
Moessner was born in Waterloo, Iowa in 1907, and 
married the former Evelyn Stover, also of that city. 
They have two children, Roger, an architectural 
engineer living in Columbus, Ohio, and Philip, a 
student majoring in commercial art at the University 
of Cincinnati, Ohio. 
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